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In the previous papers  of this series  (1-5)  we have described  the specific 
localization of 1  ass- or la*6-1abeled antigens in the primary follicles of rat lymph 
nodes. Such localization appeared to be important for the understanding of the 
induction of the immune response because germinal centers appeared in direct 
relation to the follicular antigen depots; and because non-antigens apparently 
failed to localize in these areas. 
Using fluorescent antibody techniques, Kaplan et al.  (6)  and Hill et al.  (7) 
have described the follicular localization of bacterial polysaccharide antigens 
in lymph nodes, believing the antigen to be in small lymphocytes. White (8) 
has recently demonstrated progressive localization of human serum albumin in 
germinal centers of the chicken spleen.  The  antigen was described as being 
in or on "dendritic" macrophages, similar in appearance and location to the 
"metalophil" cells demonstrated by the ammoulacal silver method of Marshall 
(9). 
Three  considerations have prompted us  to  extend our studies  of antigen 
localization in rat lymph nodes to include the fluorescent antibody technique. 
Firstly, although autoradiographic localization with 1  a~s is good (10),  it still 
is not precise enough to  show whether label is in dendritic phagocyte arms 
between lymphoid cells,  or actually in the lymphocytes of the densely packed 
follicle region.  Secondly, we  wished  to  find  out  whether  the  localization of 
radioactive iodine was a  true representation of the localization of antigenic 
determinants. Finally, we wanted to compare approximately the sensitivities 
of the two antigen detection techniques. 
These  aims  have  been  accomplished.  In  addition,  we  believe  that  these 
studies have revealed a unique feature of the reticulum of lymph node follicles. 
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Materials and Methods 
Animals.--Male Wistar albino rats, fed on barastoc dog cubes and tap water ad l/b., were 
used. Rats used for studies of the primary response were 5 to 6 weeks old, weighing between 
75 and 100 gm. The popliteal nodes of such rats usually lacked germinal centers until specifi- 
cally stimulated.  Rats used for the study of the secondary response were necessarily older 
and varied in weight at the time of examination from 200 to 350 gin. 
Antigens.--The antigens used were stock suspensions  of Salmonella flagella prepared  as 
described by Ada et al. (1). Flagella from two different strains were used: Salmonella adelaide, 
strain SW 1338, and Salmonella paratyphi B, strain SW 685. These two strains share neither 
H  nor 0 antigens. Injection of flagella from one strain does not result in the appearance of 
antibodies detectably cross-reacting with the other. Half of each antigen dose was injected 
into each hindfoot-pad in 0.1  to 0.25  ml of 0.15  NaC1. 
Preparation of Sections  for Fluorescent Antibody Stud/es.--Rats were killed at various times 
after antigen injection by a blow on the head under ether anesthesia. The popliteal nodes were 
removed as gently as possible. In one group of animals,  to be described, aortic nodes and 
spleen were also removed. Tissues were fixed, embedded, and cut by the cold ethanol method 
of Sainte-Marie (11). The sections retained excellent histological detail. After processing for 
immunoffuorescence, they could be stained fairly well with hematoxylin and eosin but not 
with methyl green-pyronin. 
Fluorescent Antibodies.--Two  fluorescent reagents were prepared by the method of Riggs 
et al. (12),  a rabbit anti-S, ad~a/de flagella antibody and a normal rabbit globulin. The un- 
bound fluorescein isothiocyanate was removed by dialysis against phosphate-buffered saline, 
pH 7.3, for 2 days and passage of the conjugate through a column of sepbadex G-75. Fluors 
were stored frozen, in small aliquots, and, 2 weeks or less prior to use, were absorbed at least 
twice with washed lyophili~d rat liver and spleen powder. The fluor prepared from rabbit 
antibody against S. adda/d¢ flagella stained the flagella of bacteria sharing the H antigen, fg, 
and the bodies of bacteria sharing the 0 antigen, 35. This confirmed previous work (2) which 
consistently showed the presence, in trace amounts, of 0 antigen in even the purest flagella 
preparation. The antiS, adda/de fluor did not stain S. paratyphi B. The fluor prepared from 
normal rabbit globulin did not stain S. adda/de bacteria. 
Fluorescent Staining.--Sections  were stained with fiuor either at 37°C for 1 hour or at 4°C 
for 16 hours. The former method gave slightly brighter specific staining, but the latter gave 
greater contrast and was more useful for routine studies. Three types of controls were used: 
(a) specific fluor mixed with an equal volume of whole serum containing unconjugated specific 
antibody.  Here the non-fluorescent antibody partially or wholly blocked the reaction  (13); 
(b) st~inlng with a fluor prepared from normal rabbit globulin: this never gave patterns re- 
sembling the specific staining, although in occasional sections germinal centers and medullary 
cords showed a  slight increase in background staining; (c)  simultaneous staining with anti- 
S. adda/de fluor of sections from rats injected with S. paratyphi B. flagella: these stained 
similarly to control group (b) above. 
In all controls, polymorphonuclear leucocytes and mast cells showed bright, non-specific 
fluorescence. 
Demonstration of Pkagocyti~ Cells by  Uptake of Colloidal Carbon.--Rats  not  previously 
injected with antigen were injected with 0.1  to 0.15  ml of colloidal carbon  (pelikan,  type 
C  11/143a,  Gunther Wagner, Germany)  suspended in "fish glue." The suspension was used 
as supplied, without attempting to remove the larger carbon particles. Rats were killed at 
intervals from 6 hours to 5 days later, the popliteal and aortic lymph nodes removed, fixed in 
10 per cent formol-saline, embedded in paraffin, and cut at 5/z thickness by standard  tech- 
niques.  Sections were examined unstained,  or stained with hematoxylin and  eosin,  methyl 
green-pyronin or the silver impregnation technique of Gordon and Sweets (14) for reticulin 
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Demoz~t~ation of Metalophil Cells.--Popliteal and aortic  lymph nodes and spleens  from 
rats  were sectioned  and stained  by the  ammoniacal silver  method of  Marshall (9).  Frozen sec- 
tions,  I0  per cent  formalin-fixed,  and cold  ethanol-fixed  sections  were used.  In our hands the 
last  method proved most reliable  for lymph nodes. 
I~SULTS 
Definition,~.--For  the  purpose  of this article it  is  essential  to  make clear 
various histological features of the lymph node cortex. The justification for 
some of the following definitions has been discussed previously (4). 
Primary follicles: The rounded areas of densely packed small lymphocytes, 
which lie just under the peripheral sinus, are usually marked by a slight con- 
vexity on  the  surface of  the  node  and  contain no  obvious primitive  cells. 
Germinal centers: The round collections of primitive lymphoid cells, macro- 
phages,  and  reticular  cells  which  develop  following antigen  deposition  in 
primary follicles  (4)  or which are found in nodes not intentionally stimulated 
but believed to be the site of an active immune response. 
Diffuse cortex: The bulk of the lymph node cortex, consisting of less densely 
packed lymphocytes, occasional large pyroniniphilic lymphoid cells, reticular 
cells,  and the post-capillary venules with their characteristic cuboidal endo- 
thellum. 
Reticulum: The combined structure formed by the non-living fiber skeleton 
of the node and the accompanying dendritic reticular cells. Some of the latter 
have long been known to have phagocytic activity (15). 
Antigen  Localization  after  a  Primary Stimulus.--In a  preliminary experi- 
ment, 2 rats were given 100 #g of antigen and killed 24 hours later. Their pop- 
liteal nodes showed the features of protein antigen localization  essentially as 
described by Coons et al.  (16). The phagocytes of the medullary sinuses were 
brilliantly and specifically stained (Fig. 1), as were occasional scattered dendritic 
ceils in the diffuse cortex and the medullary cords. However, no antigen locali- 
zation in primary follicles could be detected. 
In the next experiment, 5 rats were given 200 #g of antigen, and were killed 
at 1 and 4 hours, 1, 3, and 5 days after injection.  The phagocytosis pattern 
described above was confirmed at all time  points. At 1 hour the cells lining 
the circular sinus also showed specific staining, but this had disappeared by 4 
hours. At the first 4 time points, an occasional follicle contained one or a few 
dendritic cells  (Fig. 2).  By 5 days, several follicles  showed a  few strands of 
specifically stained material much finer than the normal dendritic processes. 
More definitive results were obtained when the antigen dose was raised to 2 
rag. Five rats were injected with this dose and killed at 1 and 4 hours,  1, 3, 
and 5 days. The popliteal nodes showed all the above features, but in addition 
there was specific staining of a distinctive pattern associated with the majority 
of the follicles. This consisted of a fine web of stained material, the strands of 
which  were  irregularly distributed  throughout the  primary follicle.  The  in- 1078  ANTIGENS  IN  IMMUNITY.  VI 
terstices between the stained  strands  were so small  that  only 1 to 3  small 
lymphocytes could be included. The lymphocytes were just visible because of 
non-specific background staining.  In some follicles, the bodies of reticular cells 
were also specifically stained, and the strands of the web could be seen to be 
continuous with the dendritic processes of the reticular cells. Such webs were 
unique to the follicular  areas. No similar  patterns were evident either in the 
diffuse cortex or in the medulla of the nodes. 
The location and shape of these webs changed with time after antigen in- 
jection. At 1 hour, the webs extended from the peripheral sinus to a depth of 
about five cells; i.e., just into the outer border of the primary follicle. At 4 hours, 
they continued deeper into the peripheral portion of the primary follicles. By 
I  day the webs were separated from the peripheral  sinus,  and  occupied es- 
sentially all of the primary follicle (Figs. 3 a and 3 b). By 3 days, an unstained, 
round area had appeared deep in some follicles, giving  the webs a  semilunar 
shape.  The  non-fluorescent  areas,  on  staining  with  hematoxylin  and  eosin, 
proved to be small germinal  centers. By 5 days, all the stained follicles showed 
this effect and all had well marked germinal  centers (Fig. 4). 
Antigen Localization  after a Secondary Sliraulus.--Prellmlnary  experiments 
with  la~5-1abeled flagella  (17)  had  shown  that  parafollicular  and  follicular 
localization occurred earlier and more intensively in the secondary than in the 
primary  response.  Accordingly,  we studied  the  immunofluorescent  localiza- 
tion pattern following secondary injections of 200 #g and 2 rag.  In early ex- 
periments,  we kept the primary dose (given  4 to 7 weeks earlier)  small,  0.2 
#g, as we did not wish persisting antigen from the 1st injection to obscure the 
pattern  following  the 2nd injection.  When it became clear  from the results 
described above that a primary dose of 100/~g gave negligible follicular  stain- 
ing,  we performed a  further  experiment with this primary dose, and 200 ~tg 
was given as a secondary. This had the advantage that the 100 #g primary dose 
caused the appearance of considerably bigger germinal  centers than  the 0.1 
gg dose. Details of injection and killing schedules  are given in Table I. 
Sections from the popliteal nodes of all secondarily stimulated rats showed 
follicular  web staining patterns irrespective of the dose of antigen.  One hour 
after secondary injection, specifically  stained material  was present in phago- 
cytes of all the sinuses  of the nodes, including  the peripheral  circular  sinus. 
Deep to the latter, penetration of antigen into the superficial  cell layers over 
follicles had begun (Figs. 5 a and 5 b). By 2 hours, a zone of specifically stained 
web was present over each follicle. By 4 hours, these zones had become thicker 
(Fig. 6). 
By 1 day, and thereafter, the peripheral sinuses and the areas immediately 
deep to them appeared to be free of antigen, and the characteristic webs could 
be seen to embrace relatively stain-free areas,  ~/z., the germinal  centers. At the 
superficial margins of the germinal  center, the webs were denser than elsewhere 
in the follicles (Fig.  7), and usually included 1 to 3 cell bodies with dendritic J.  J.  MILLER, III,  AND  O.  J.  V.  NOSSAL  1079 
TABLE  I 
Summary  of tl~s Follicular Patterns  of A~igcn l_,oc,  aUza~on Se,~ wi~h Fluore.s¢~ Antibody 
Time 
Dose of antigen  after  an" 
~g 
Primary 
100  1 day 
Fluorescent  Follicular pattern with 
staining of sinus  fluorescent antibody 
phagocytes 
Follicular  histology 
by  hematoxylin  and 
eosin  stsinlng 
Large  Fine  Semilunar  Primary  Germinnl  Periph-  Mednl- dendritic  web  web and/  foUicle  centers 
sinusersl  sinuseslsry procesSeSonly  or cap  or cap  only  present 
0  +  +  0  0  +  0 
200  1 hr.  -I-  -{-  0  0  0  +  0 
4  "  0  +  +  0  0  +  0 
1 day  0  -{-  -t-  0  0  -~  0 
3  "  0  +  +  0  0  0  + 
s "  o  +  +  (+)*  o  o  + 
mg 
2  lhr.  -I-  -{-  0  -I-  0  -t-  0 
4  "  (+)~  +  0  +  0  +  0 
1 day  0  -t-  0  +  0  -J-  0 
3  "  0  +  0  (+)§  (+)§  (+)§  (+)§ 
5  "  0  +  0  0  +  0  + 
Secondary 
(4-7  wk. 
between 
doses) 
/~g  ra& 
0.2, 2  1  hr. 
4  " 
1 day 
-[-  -1-  0  0  0  0  + 
(+)~  +  o  0  +  o  + 
o  +  o  o  +  o  + 
~g 
O. 2, 200  1 day  0  -{-  0  0  -[-  0  -[- 
3  "  0  +  0  0  +  0  + 
5  "  0  +  0  0  -{-  0  + 
too, 200  i  hr.  +  +  0  0  0  0  + 
2  "  (-[-)~  -{-  0  0  -{-  0  ~- 
4  "  0  +  0  0  -{-  0  + 
i day  0  -{-  0  0  ~-  0  q- 
3  "  0  +  0  0  +  0  + 
5  "  0  +  0  0  +  0  + 
*  Slight  traces  of  web seen  in  and adjacent  to  germinal  centers,  not typical  of  webs seen 
with 1 mg flagella. 
:~ Only a  few specifically stained cells remained in peripheral sinuses at these times. 
§ Both primary follicles and follicles with early germinal centers were present at this time. 1080  ANTIGENS  IN  IMMUNITY.  VI 
arms which were continuous with the finer strands of the web. These areas had 
the appearance of "caps." Transparent negatives of photomicrographs taken 
of the fluorescent-stained areas were laid on top of, and exactly matched to 
contact prints  of  photomicrographs  of  the  identical  areas  restained  with 
hematoxylin and eosin. In this way exact localization of the caps in relation to 
the germinal centers could be obtained. It was seen that these caps straddled 
the superficial margins of the germinal centers, lying both partially within and 
partially above the germinal centers. 
Deep  in  the germinal centers  there  were variable numbers  of specifically 
stained cells, some round, and some dendritic (Fig. 7). At 3 days there were, 
as well, a few fine strands similar to those in the peripheral webs, and by 5 days 
fairly  distinct  webs  appeared  in  the  germinal  centers  themselves.  Simul- 
taneously, the caps, first seen straddling the germinal center margins, appeared 
to move to a position wholly within the germinal centers, although remaining 
near the margin, 
The results of the fluorescent antibody studies are summarized in Table I. 
Antigen Localization  Following a Previous,  Non-Specific Stimulus.--Since  a 
dose of 200/zg of flagella was sufficient to result in a  specifically stained web 
after a secondary injection but not after a primary injection, it appeared that 
either the presence of a  germinal center created a  more efficient phagocytic 
web, or the presence of antibodies from the previous stimulus increased local 
phagocytosis, and thus the concentration of antigen in the web. Two experi- 
ments were performed to distinguish between these possibilities. 
The aortic nodes and spleens of the rats  which had received primary in- 
jections of 2 mg of flagella were stained for antigen, presence of germinal centers 
in these organs being predictable even in the absence of prior intentional im- 
munization. At  1 and 4  hours  the aortic  nodes  showed specific  staining of 
phagocytes in the peripheral sinus and in some of the medullary sinuses. At 1, 
3, and 5 days the cells of the peripheral sinus were no longer stained, although 
the cells of the medullary sinuses were. An occasional germinal center showed 
specific staining of small portions of peripheral webs,  but never to the extent 
seen in the secondarily stimulated popliteal nodes. The spleens did not con- 
tain enough stainable antigen to characterize its position. 
Two rats were given primary injections of 100 #g of flagella from S. paratyphi 
B, and 4 weeks later were given 200 #g of flagella from S. adelaide. The pop- 
liteal nodes were removed 4 hours and 1 day after the latter injection. The 
stainable antigen was present in the medullary phagocytes at both time points. 
At 1 day there were only small areas of specifically stained webs present at 
the  superficial margins  of some germinal centers,  corresponding  in location 
to the caps seen in secondarily stimulated nodes. The webs seen after specific 
restimulation were absent. 
These results indicate that germinal centers per se are not necessarily more 
efficient in  retaining  antigen  than primary follicles,  but  that  increased  re- J'.  J.  ~ILLER, III, AND G.  J.  V.  NOSSAL  1081 
tention in follicles at the time of a  secondary stimulus is probably due to the 
preexistence of specific opsonins. 
Localization of Colloidal Carbon in Primary Follicles and Germinal Centers.- 
To define further the nature of the fine web seen after fluorescent antibody 
staining for antigen in follicles and germinal centers, the pattern of retention 
of colloidal carbon in such areas was studied. With the dose of colloidal carbon 
injected into each foot-pad, dendritic phagocytes throughout both  the pop- 
liteal and aortic lymph nodes were visible on unstained sections within 6 hours. 
The phagocytes of the peripheral  and medullary sinuses, and dendritic cells 
of the diffuse cortex and medullary cords retained carbon in globules suggestive 
of  intracytoplasmic  vacuoles.  However,  primary  follicles  seen  in  popliteal 
nodes and germinal centers seen in aortic nodes retained carbon in different 
and distinctive patterns (Fig. 8). 
Sections of primary follicles usually showed 1 to 3 dendritic cell bodies, but 
they were  also marked by a  fine web  of retained carbon  which  closely re- 
sembled the pattern of antigen retention seen by fluorescent staining (Fig. 9). 
Again the interstices of this fine web were only large enough to contain 1 to 
3 small lymphocytes. The carbon retained in this web was present in part as 
very fine particles and in part as a  light homogeneous stain. The webs were 
therefore  best  seen  on  unstained  sections,  becoming  partially  masked  by 
hematoxylin and eosin or methyl green-pyronin staining. 
Sections of germinal centers  showed a  fine web partially surrounding the 
germinal center with a zone of concentrated carbon lying over that margin of 
the germinal center closest to the peripheral sinus (Figs. 10 a and 10 b). 
Staining for Raiculin  Fibers  and  Metalophil  Cdls.--Neither  the  stain for 
reticulin fibers nor the stain for metalophll ceils showed the dense web seen 
by fluorescent antibody staining for antigen and by the retention of carbon in 
lymph node follicles.  The distribution of stainable reticulin fibers was always 
less dense than the web seen by the previous methods. The stain for metalophll 
cells showed a distribution of dendritic cell bodies in primary follicles  similar 
to  that  seen with fluorescent antibody staining after low primary doses  of 
antigen, i.e.; one to three cell bodies or dendritic arms in each primary follicle. 
When  sections  of lymph nodes which  contained  carbon  were  stained  for 
reticulin fibers, the phagocytic cells of the diffuse cortex, and their dendritic 
arms, could be seen in close association with the stained fibers as described by 
Bloom (15). This was only partially true in the primary follicles and germinal 
centers.  Phagocytic cell  bodies in  these  latter  areas were usually associated 
with reticulin fibers, but many fine carbon-retaining strands passed between as 
well as along stainable fibers (Fig. 11). 
DISCUSSION 
These  studies  confirm the  work  previously reported  from this laboratory 
relative to the localization of antigen in primary follicles and germinal centers 1082  ANTIGENS  IN  rMMUNITY.  VI 
of lymph nodes (1-5, 17). The patterns obtained by direct fluorescent antibody 
staining of antigen are completely consistent with the localization of isotope 
after the injection of 112s- or Ira-labeled antigen. 
The fact that we needed greater doses of antigen to demonstrate the follicular 
pattern after a primary stimulus than after a secondary stimulus confirms the 
finding that isotope is more concentrated in follicles after a secondary stimulus 
than after a  primary stimulus (17). Our studies suggest that this is due to the 
presence of opsonins resulting from the primary response since the presence of 
germinal centers per se did not result in a  significant increase of antigen con- 
centration in follicles. 
The fine, webbed pattern of retained antigen or carbon in primary follicles 
and adjacent to germinal centers was not seen in other parts of the lymph node. 
The pattern was distinctive because of the fineness of the strands and because 
of the smallness of the spaces between strands. We do not believe that either 
the antigen or the carbon was being retained on the surface of small lympho- 
cytes.  Small  lymphocytes on  sections  stained  by fluorescent  antibody had 
faint, non-specific fluorescence, and it could clearly be seen that  specifically 
stained strands surrounded small groups of cells, not each individual cell. The 
same was true of carbon-retalulng strands on high power examination of lightly 
stained sections. 
We favor the alternative view that the antigen is associated with fine proc- 
esses of phagocytic cells. Dendritic arms of macrophages in other parts of the 
node are known to accompany reticu|in fibers, and an increased number of 
fibers has been described around germinal centers  (9,  15).  However, despite 
this increased number, there are still far more carbon- and antigen-retaining 
strands than there are reticulin fibers, and many of these strands are specifi- 
cally not associated with reticulln fibers. Therefore, the phagocytic cells  we 
believe responsible for the follicular pattern of antigen and carbon retention, 
must be  either  functionally or  morphologically distinct from the  dendritic 
cells of the rest of the lymph node. Proof of this point will have to await elec- 
tron microscopic studies specifically of primary follicles. 
Despite the large number of previous studies of carbon localization, we have 
not been able to find a prior description of the singular pattern of phagocytosis 
in follicles and around germinal centers. Several explanations may account for 
this. The classical work tended to concentrate attention on the distribution 
after intravenous injection, which largely spared lymph nodes (18), or described 
the localization after only very brief intervals following injection (19).  More 
recent studies of carbon phagocytosis have been essentially limited to physi- 
ological aspects rather than histological details, as exemplified by the work of 
Biozzi et al. (20). 
While antigen has been detected in follicles by fluorescent antibody methods 
before (6, 7), the pattern that we have described has not previously been noted. ~'..]'.  MILLER,  III,  AND  G.  J.  V.  NOSSAL  1083 
One reason/or this may be the large dose of antigen needed to demonstrate the 
reticulum web in our fluorescent antibody studies. As studies with ln25-labeled 
antigens had shown that follicular localization was more intense with flagella 
than with many other classical  antigens such as bovine  serum albumin or 
diphtheria toxoid (5), other workers using immunofluorescence to trace antigen 
may have failed to detect the presence of this phagocytic web for purely quanti- 
tative reasons.  Our first attempts with primary doses of antigen less than 2 
mg failed to demonstrate the webs in primary follicles. The studies emphasize 
the very much greater sensitivity of our autoradiographic detection methods 
when compared  with our immunofluorescent  methods. Distinctive follicular 
localization can be obtained by autoradiography following a primary injection 
of 0.02 ~g II~5-1abeled flagella, a dose about 100,000 times as small as the 2 mg 
needed for consistent results in this work. Although this ratio will vary with 
different experimental  systems, the dependence  of the fluorescent  antibody 
method on high local concentrations of antigen is reemphasized. 
Our prior findings indicated that localization of injected material in primary 
follicles was a feature specific for antigens (3, 17). The localization of carbon to 
these areas does not necessarily contradict the prior findings or conclusions. 
Jenkin and Rowiey (21) have shown that opsonins, of unknown nature, en- 
hance phagocytosis  of carbon as well as antigenic  material. It may be  that 
cells of the follicular  web recognize "foreignness" solely on the basis  of the 
presence of opsonins on the surface of the materials which  encounter the web. 
Carbon, despite its inert antigenic nature, would thus be phagocytosed as if it 
were an antigen while non-opsonized material would escape the web. On the 
other hand, red  autofluorescent  material, presumably degraded hemoglobin 
or ceroid pigment, is frequently seen in phagocytes in follicles, occasionally in 
the same cell bodies or cell processes that contain stainable antigen. It is more 
difficult to imagine  that these  "self" materials are opsonized and handled as 
"foreign," although we know of no evidence which specifically contradicts this 
possibility. 
The most interesting feature to us of this reticulum web in primary follicles 
is its possible importance in the induction of immune responses.  The great 
surface area and the small size of the "pores" between strands would enable a 
very large number of lymphocytes to come into direct contact with antigen- 
retaining phagocytic cytoplasm, particularly if it is assumed that lymphocytes 
are in constant movement through the web. This would present  advantages 
not previously recognized when considering  the mechanisms  of induction of 
the immune response proposed  both by the strict clonal selection  theory of 
antibody synthesis,  and by the theories  involving  transfer of an  activating 
principle  from  phagocytes  to  immunologically  competent  cells. Germinal 
centers would arise specifically in relation to these webs because these would be 
the areas in which it is statistically most likely that lymphocytes would come 1084  ANTIGENS  IN  IMMUNITY.  VI 
in  contact  with  antigen-containing phagocytes.  Indeed,  once in  the  web  of 
reticulum in these areas,  a  lymphocyte could not avoid contact with either 
antigen  on  the  surface  of  phagocytes,  or  phagocytes  which  were  actively 
processing antigens. 
The localization of antigen in primary follicles and germinal centers of rat 
popliteal lymph nodes described previously using 112s- and I~31-1abeled antigen 
has been confirmed by direct staining with fluorescent antibodies. A fine web 
of phagocytic reticulum in primary follicles was  found to be responsible for 
antigen  localization in  this  area.  The nature  of this  web  was  confirmed by 
studies of the localization of colloidal carbon. This unique feature of primary 
follicles is discussed in relation to its importance in the induction of immune 
responses,  our belief being  that  the  great  surface  area  of antigen  retaining 
cytoplasm in primary follicles is responsible for the appearance of germinal 
centers in these particular parts of the node. 
We wish to thank  Sir Macfarlane Burnet for his interest in this work, and Miss Judy 
Thompson and Miss Louise Taylor for their excellent  technical assistance. 
BIBLIOGRAPHY 
1.  Ada,  G. L., Nossal,  G. J. V., Pye, J., and Abbot, A., Antigens in immunity. I. 
Preparation  and  properties  of  flageUar antigens  from  Salmonella  adelaide, 
Australian Y. Exp. Biol. and Med. Sc., 1964, 42, 267. 
2.  Nossal, G. J. V., Ada, G. L., and Austin,  C. M., Antigens in immunity.  II. Im- 
munogenic properties of flagella, polymerized flagellin and flagellin in the pri- 
mary response, Australian J. Exp. Biol. and Med. So., 1964, 42, 283. 
3.  Ada, G. L., Nossal, G. J. V., and Pye, J., Antigens in immunity. III. Distribution 
of iodinated antigens  following injection into rats via the hind footpads, Aus- 
tralian J. Exp. Biol. and Med. Sc., 1964, 42,295. 
4.  Nossal,  G. J.  V., Ada,  G. L., and Austin,  C.  M., Antigens  in  immunity. IV. 
Cellular localization of ~I- and ~I-labelled flagella in lymph nodes, Australian 
Y. Exp. Biol. and Med. So., 1964, 42, 311. 
5.  Ada, G. L., Nossal,  G. J. V., and Austin,  C. M., Antigens in immunity. V. The 
ability of cells in  lymphoid follicles to recognize  foreignness,  Australian  J. 
Exp. Biol. and Med.  Sc., 1964, 42, 331. 
6.  Kaplan, M. H., Coons, A. H., and Deane, H. W., Localization of antigen in tissue 
cells. III. Cellular distribution of pneumococcal polysaccharides  types II and 
III in the mouse, Y. Exp. Med., 1950, 91,  15. 
7.  Hill, A. G. S., Dearie, H. W., and Coons, A. H., Localization of antigen in tissue 
cells. V. Capsular polysaccharide  of Friedliinder bacillus, type B, in the mouse, 
J.  Exp.  Med.,  1950, 92, 35. 
8.  WroTE, R.  G.,  Functional recognition  of  immunologically  competent cells by 
means of the fluorescent antibody technique, in Ciba Foundation Study Group 
No. 16, The Immunologically Competent Cell : Its nature and origin, (G. E. W. J.  ~.  MTrLER~  III~  AND  G.  ~.  V.  NOSSAL  1085 
Wolstenholme  and  J.  Knight,  editors),  London,  J.  & A.  Churchill  Ltd., 
1963, 6. 
9.  Marshall,  A. H. E., An Outline of the Cytology and Pathology of the Reticular 
Tissue, London, Oliver and Boyd, 1956. 
10.  Appelgren,  L. E., S6remark,  R., and Ullberg,  S., Improved resolution in auto- 
radiography with radioiodine  using  the extranuclear electron radiation from 
1251, Biochim. et Biophysica Acta,  1963, 66,  144. 
11.  Sainte-Marie,  G., A paraffin embedding technique for studies employing immuno- 
fluorescence, J. Flistochem. and Cytochem., 1962, 10, 250. 
12.  Riggs,  J.  L., Siewald, R. J., Burckhalter, J. H., Downs,  C.  M., and Metcalf, 
T.  G.,  Isothiocyanate compounds  as fluorescent  labeling  agents for immune 
serum,  Am. J. Path.,  1958, 34, 1081. 
13.  Goldman, M., Staining  Toxoplasma gondii with fluorescein-labelled antibody. II. 
A new serological test for antibodies  to Toxoplasma based upon inhibition of 
specific staining,  J. Exp. Meg., 1957, 105, 557. 
14.  Gordon,  H., and Sweets, It. H., Jr., Simple method for silver  impregnation of 
reticulum, Am. J. Path.,  1936, 12, 545. 
15.  Bloom, W., Lymphatic tissue; Lymphatic organs, in Handbook of Hematology, 
(H. Downey, editor), New York, Paul B. Hoeber Inc., 1938, 2~  1428. 
16.  Coons, A. H., Leduc, E. H., and Kaplan, M. H., Localization of antigen in tissue 
cells. VI. The fate of injected foreign proteins in the mouse, J. Exp. Meg., 
1951, 939 173. 
17.  Nossal,  G.  J.  V.,  and Ada,  G.  L., Recognition  of foreignness  in immune and 
tolerant animals, Nature, 1964, 201, 580. 
18.  Cappell, D. F., Intravital and supravital staining.  II. Blood and organs, J. Path. 
and Bazt.,  1929, 39-, 629. 
19.  Drinker, C. K., Wislocki, G. B., and Field, M. E., The structure of the sinuses 
in the lymph nodes, Anat.  Rec., 1933, 56, 261. 
20.  Biozzi, G., Benacerraf, B., and Halpem, B. N., Quantitative study of the granu- 
lopecfic activity of the reticuloendothelial  system. II. A study of the kinetics 
of the granulopectic  activity of the R.E.S. in relation to the dose of carbon 
injected. Relationship between  the weight  of the organs  and  their activity, 
Brit. J. Exp. Path.,  1953, 34, 441. 
21.  Jenkin, C. R., and Rowley,  D., The role of opsonins in the clearance of living 
and inert particles by the cells of the reticuloendothelial  system, J. Exp. Meg., 
1961, 114, 363. 1086  ANTIGENS IN  IMMUNITY. VI 
EXPLANATION OF PLATES 
PLATE 93 
FIG.  1.  Fluorescent antibody-stained  section showing specifically stained dendritic 
phagocytes in the medullary sinsues of a popliteal lymph node from a rat killed after 
a primary injection of 200 #g flagella. The dendritic arms of the phagocytes, and the 
relation of the phagocytes to the walls of the sinus are shown. Some specifically stained 
phagocytes can be seen in the cords adjacent to the sinuses. A few non-specifically 
stained polymorphonuclear cells are seen. Red blood cells have a red autofluorescence 
with the fixation used, and are seen in small vessels in this photograph.  ×  250. 
FIG.  2.  Fluorescent antibody-stained  section showing scattered specifically stained 
dendritic cell bodies and dendritic arms in a primary follicle of a popliteal node from 
a rat killed 1 day after a primary injection of 200/~g flagella. No evidence of a "web" 
is present. X 250. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 120  PLATE  93 
(Miller and Nossal: Antigens in immunity. VI) PLATE 94 
FIG.  3 a.  Fluorescent antibony-stained section showing a  fine web of  specifically 
stained antigen in a  primary follicle of a popliteal lymph node 1 day after a primary 
injection of 2 mg flagella. The antigen is present in a few coarse dendritic arms which 
are continuous with much finer strands that surround small groups of small lympho- 
cytes. Little antigen is present in the peripheral sinus. Deep to the follicle, a medullary 
sinus is visible with 4 bright non-specifically  stained mast cells, and a larger number of 
specifically stained dendritic phagocytes.  X  250. 
FIG. 3  b.  The same field seen in Fig.  3  a,  restained with  hematoxylin and  eosin. 
This shows the histological appearance of a primary follicle before the appearance of a 
germinal center.  Some  loss  of fine histological detail  due  to  the prior processing  is 
evident.  X  250. 
FIG.  4.  Fluorescent antibody-stained section  showing  the  location  of  antigen in 
relation to a newly formed germinal center in a popliteal node from a rat killed 5 days 
after a primary injection of 2 mg flagella. The presence of the germinal center can be 
seen because of the slight increase in intensity of the non-specific background staining. 
The  specifically stained  antigen is  present  in  a  compressed  semilunar area  at  and 
above the superficial aspect of the germinal center.  X  250. THE JOURNAL  OF EXPERIMIENTAL  MIEDICINE  VOL.  120  PLATE 94 
(Miller and Nossal: Antigens in immunity. VI) PLATE  95 
FIG.  5 ~t.  The localization of specifically stained  antigen  1 hour  after a  secondary 
injection of 2 mg flagella as shown by fluorescent antibody.  Phagocytes of the periph- 
eral sinus and medullary sinus  are specifically stained.  As well the antigen has pene- 
trated  into  the cortex over a  germinal center.  Small amounts  of antigen  can be seen 
in the diffuse cortex surrounding the germinal center's denser cuff of small lymphocytes. 
X  250. 
FIG.  5  b.  The  same  field  seen  in  Fig.  5  a  restained  with  hematoxylin  and  eosin. 
Edema of the diffuse cortex and  the cortex immediately above the germinal center is 
evident.  ×  250. 
FIG.  6.  Fluorescent  antibody-stained  section  of  a  popliteal  node  4  hours  after  a 
secondary  stimulus of 2 mg of flagella. The antigen has penetrated  more deeply into 
the cortex over a germinal center. There is now little antigen remaining in the periph- 
eral sinus.  A  webbed pattern  is present,  but appears  much  more compressed  than  in 
a primary follicle except, perhaps, on the lateral borders of the germinal center.  ×  250. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 120  PLATE  95 
(Miller and Nossal: Antigens in immunity. VI) PLATE  96 
FIG.  ?. Less antigen  is visible in this  fluorescent  photomicrograph  of a germinal 
center from a  rat killed 1 day after a  secondary stimulus with 200 ~g of flagella. The 
antigen  is  now  concentrated  in  a  "cap"  at  the  superficial  border  of  the  germinal 
center. Fine strands are visible within this cap, but the bulk of the peripheral web seen 
at  earlier time points or with higher doses is not evident.  Round and  dendritic  cells 
within the germinal center contain specifically stained antigen.  X  250. 
FIG. 8.  The appearance  of localization of colloidal carbon  in an  unstained  section 
of a popliteal lymph node from a rat killed 1 day after the carbon suspension had been 
injected into  the  hindfoot-pad.  The  follicles stand  out  from  the  rest  of  the  section 
because of the fine webbed pattern  of carbon retention. The phagocytes of the diffuse 
cortex are black with ingested carbon, but do not show the fine processes seen in the 
follicular  areas.  A  few  phagocyte  cell bodies  in  follicles are  apparent,  and  appear 
similar to  the carbon-containing cells of the diffuse cortex.  X  100. 
FIG. 9. High power view of an unstained primary follicle in a popliteal  lymph node 
of a  rat  1 day after injection of colloidal carbon  into the hindfoot-pads.  The fineness 
of  the  carbon-retaining  web  is  apparent.  The  continuity  of  the  fine  strands  of  the 
web with  the dendritic  arms  of  the phagocyte cell bodies present  in  the follicle can 
be seen.  ×  400. THE JOURNAL  OF EXPERIMENTAL  MEDICINE  VOL.  120  PLATE 96 
(Miller and Nossal: Antigens in immunity. VI) PLATE 97 
FIG. 10 a.  High power view of an unstained  germinal center in an aortic node of 
the animal the popliteal node of which is pictured in  Fig. 9. The pattern  of carbon 
retention differs.  It is present in a denser web and is concentrated in a  cap over the 
peripheral margin  of the germinal center,  which  is,  itself, relatively free of carbon. 
×  490. 
FIG. 10 b. A hematoxylin and eosin-stained section of the same aortic node shown 
in Fig. 10 a, showing the masking effect of the stain on the visibility of the finer por- 
tions of the web, but also showing the position of the denser portions of the carbon- 
retaining web to  the peripheral margin of the germinal center.  X 250. 
Fro.  11.  A  section  of  a  primary  follicle  from  the  same  popliteal node  shown  in 
Fig. 9, stained by the silver impregnation method for reticulin fibers.  The cell nuclei 
are stained, but the wavy or kinked reticulin fibers can be seen passing between them. 
Besides the stained fibers, and more numerous, are fine strands  appearing as lines of 
small beads. These are the coarser of the carbon-retaining strands.  Finer strands have 
been  masked  by  the  stain.  This  illustrates  the  lack  of  relation  between  stainable 
reticulin fibers and  the antigen- and  carbon-retaining web.  X  1000. THE JOURNAL  OF EXPERIIvIENTAL  MEDICINE  VOL.  120  PLATE 97 
(Miller and Nossal: Antigens in immunity. VI) 